A human performance experiment was conducted to investigate pixel parameter requirements for three types of flat-panel display images: an alphanumeric character, an oscilloscope waveform, and a real-world image. Subjects performed similarity judgments between an extremely high-quality image and an image composed of different levels of anti-aliasing and pixel width-plus-pixel separation (pitch). It was found that the effect of pitch had greater influence on perceived image quality for the alphanumeric character and 2 oscilloscope waveform than for the real-world image. The results of this research provide empirical evidence showir.g that the pixel pitch requirements for flat-panel systems that are used to display binary, high-contrast images (such as text and waveforms) will be more stringent than for low-contrast pictorial images. The three levels of grey-scale anti-aliasing investigated were found to improve image quality for only the binary, high-contrast images.
INTRO DU CTI ON
Electronic displays are devices that convert electrical signals into visual images which can be perceived by the human observer. Serving as the visual interface between man and machine, displays present images within a fraction of a second from the time the information is received. In addition to home entertainment, displays are commonly used to present alphanumeric text, graphical imagery, video pictures, and electronic waveforms.
The use of electronic display systems is doubling every few years, and, with the increased use of computers, is often replacing paper as a means for presenting information (Tannas, 1985) .
The cathode ray tube (CRT) is one of many elecrronic display types, and is commonly used in oscilloscopes, aircraft cockpits, and graphic display terminals. The basic elements of a CRT display are the following: a cathode that emits elecrrons, a gun that is composed of a cathode grid and elecrron-focusing lens, and a viewing screen coated with a phosphor that emits light when srruck with a beam of elecrrons. CRT displays have been rraditionally used to present information to the human user because of numerous advantages, such as: availability in a variety of sizes, capability of displaying high quality images for medical purposes or government intelligence work, and the ability to show numerous colors for computer aided design applications. Despite these benefits, a major do\\nfall to the CRT is the depth required to enclose the elecrronic elements that comprise the display device. This depth dimension is usually larger than the diagonal measurement of the display screen.
Flat-panel displays are desirable alternatives to the CRT in that they do not require a sizable depth dimension. A typical flat-panel display is light weight and about one-half ir.~h thick. In the last ten years, there has been considerable progress in the development of commercial flat-panel displays. Much of this progress sterns from technological advances in the material sciences and in manufacturing production procedures.
Additionally, the availability of economical and reliable flat-panel display products has begun to reshape many electronic display applications. For example, flat-panel display devices are used now in many vehicular and test instrumentation systems. With continuing technological development, flat-panel displays will compete with the conventional cathode-ray tube (CRT) devices in a broad range of applications (Murch, 1987) .
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More than just physical dimensions are of concern to the electronic flat-panel display designer. The development of any display technology also requires a thorough evaluation of the physical display parameters affecting the viewability of information presented on the screen. This engineering analysis is needed to ensure that the display device provides appropriate levels of image quality; that is, perceived viewability of the displayed information. Although considerable knowledge has been compiled in the past five decades to characterize, quantify, and predict the effects of physical device parameters upon the image quality of electronically displayed information (Snyder, 1973) , there is insufficient knowledge concerning the perceptual significance of flat-panel display characteristics. The unique attributes of these devices have hampered the use of previous CRT findings in specifying design guidelines. Specifically, flat-panel displays consist of rectangular pixels that do not overlap one another as in traditional CRT displays (see Figure 1) . The pixel geometry of a flat-panel display consists of the height and width of the pixels (element size), the separation between pixels (edge-to-edge spacing), and the pixel pitch, which is the width plus separation of the pixels. For example, given a pixel width of 5 mils and a pixel separation of 2 mils, the pixel pitch would equal 7 mils. As shown in Figure (Snyder & Maddox, 1978 A human factors research program at Tektronix Laboratories has focused on the identification of optimal pixel structure characteristics for flat-panel displays. This research program has investigated the effects of pixel size, pixel symmetry, and edge-to-edge pixel separation on human performance in several task conditions, such as: visual detection threshold, subjective image quality, and legibility of alphanumeric characters.
In the visual detection experiment, subjects viewed various alphanumeric characters that were shown individually on a display screen. Half the trials consisted of characters composed of rectangular, non-overlapping pixels, as would be seen on a flat-panel display.
The remaining trials consisted of characters that were displayed at the full capability of the display system, and appeared 'perceptually continuous' because there appeared to be no separation between the pixels. Across all trials, the pixels were manipulated in venical height, horizontal width, and edge-to-edge pixel separation. This experiment found that a pixel pitch equal to six mils (0.15 mm) or less renders the discrete display panel structures undetectable to the human eye (Beaton & Knox, 1987) . In a related experiment, subjective image quality ratings were obtained for the pixel structures just described. This study found that minim~1m acceptable levels of subjective image quality correspond to pitches of 10 mils (0.25 mm) or less, and subjective ratings decreased for pixel pitches greater than 10 mils. A third experiment investigated character legibility across a similar range of pixel size and separation. Subjects were shown four adjacent alphanumeric characters for less than one second. They were instructed to respond by typing in the same four characters on a computer keyboard. This legibility experiment determined that performance was highest for pixel geometries of less than 17 mils (0.43 mm) (Weiman & Beaton, 1987) .
These three experiments also demonstrated a two-factor interaction between pixel width and separation. While these results clearly point out the task-dependencies involved in image quality judgments, they also tax current flat-panel design capabilities, where typical display configurations consist of 15 mil (0.38 mm) wide pixels with two mil (0.05 mm) edge-to-edge pixel separations.
Given current hardware design constraints, design engineers are forced to seek novel approaches for reducing the pitch requirements of a display. One approach is the use of grey-scale technology. This technology is used to eliminate jagged edges that would otherwise be apparent in low resolution display systems. Grey-scale refers to the number of shades of grey that can be shown on an electronic display. In general, if each pixel is represented with n bits of brightness, 2n different shades of grey are available at each pixel.
Depending on the capabilities of the display system, the number of grey-scale bits can be as few as two, to as many as eight bits. This technology is used to eliminate jagged edges that are othen.vise apparent in low resolution, 1-bit display systems.
A common method for generating a grey-scale image utilizes a technique ref erred to as anti-aliasing, which employs a mathematical algorithm that presamples a high-frequency image that exhibits sharp, high contrast edges. A low-pass filter is then applied to eliminate the high-frequency information, and a grey-scale image is produced that consists of a gradation of low frequency components as compared to the original image. Figure 3 illustrates the result of an anti-aliasing technique, which has specified different lightness levels across individual pixels lying or, the contours of the image (Booth, Bryden, Cowan, Morgan, & Plante, 1987; Kajiya & Ullner, 1981; Kingdom & Moulden, 1986) . A typical flat-panel system uses 1 bit of grey-scale where the pixels are either white or black, and results in sharp, jagged borders. A 2 bit grey-scale system is capable of displaying three shades of grey and black. The anti-aliasing algorithm places the gradations of grey in the image in such a way that the 'line jaggies' are reduced. When the display system is capable of displaying more bits of grey-scale, a greater number of grey shades are employed, which decreases the effect of the line jaggies. It is important to note, however, that this technique of "line-smoothing" is achieved at the expense of slightly blurred edges.
Little research has been reponed on the effect of anti-aliasing upon image quality.
One study found that the subjective quality of textual images could be improved by using up to 3 bits of grey-scale (Warnock, 1980) . Similar results were obtained by Cushman and Miller (1988) , who found that 1 bit of grey-scale was sufficient for acceptable legibility of text, but subjective image quality improved up to three grey-scale bits. Another paper reported that subjects preferred anti-aliased images with 3 bits of grey-scale as compared to unprocessed images that contained anifacts (Booth et al., 1987) . Figure 3 . Example of a grey-scale anti-aliased image.
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Hardware anti-aliasing methods have been developed as an alternative method to antialiasing accomplished by the system sofrv.·are. These hardware methods can also eliminate image anif acts on flat-panel displays. It has been shown that thin lines and gratings are detected more readily when oriented in horizontal or vertical directions as compared to oblique directions (reviewed by Taylor, 1963) . Ogilvie and Taylor (1958) detennined that the probability of correctly detecting a long, fine wire seen against a bright background was highest at 90° and 180° orientation, and lowest at 45° and 135° . presented stimuli to subjects that consisted of a 'test grating' with a fixed orientation. A second 'masking grating' was superimposed on the 'test grating' and its angle of presentation was altered by the experimenter in relation to the 'test grating'. The effect of grating orientation on contrast sensitivity was measured for six angles. Contrast sensitivity was found to be highest for o· and 90° gratings, and less sensitive for 10· , 20·, 30°, and 40° lines.
Equivalent results were found in an experiment perf onned by Campbell, Kulikowski, and Levinson (1966) . Subjects in this study were given control of the spatial frequency of a sinusoidal grating of fixed, high contrast. The results demonstrated that the horizontal and venical gratings were detected more often than were the oblique gratings. \\'hen low contrast sinusoidal gratings were tested, the results again showed that visual sensitivity was most sensitive in the horizontal and vertical orientations.
An investigation to determine the difference in visual acuity between vertical and horizontal lines was perfonned by requiring subjects to view two adjacent grids through a blue or red filter (Beck, 1965) . One grid contained horizontal lines, and the other grid consisted of vertical lines. According to the author, the bener acuity for vertical lines as compared to horizontally oriented lines was due to astigmatism produced by accommodation and was affected by changes in the vergence of the light rays. Based on this visual perception phenomenon of greater visual sensitivity to vertical and horizontal gratings as opposed to oblique grids, it is assumed that one hardware anti-aliasing method which incorporates obliquely-oriented pixel srructures will be less detectable than a vertical-horizontal pixel srructure. As shown in Similarly, another viable hardware anti-aliasing technique employs a pixel design with serrated edges, as opposed to straight edges in the horizontal and vertical directions.
Since much of the horizontal and vertical edge information would be eliminated, serrated pixel structures should be less detectable than square pixel arrays. Previous research has shown that display pitch is one important factor affecting image quality. Anti-aliasing method is likely another viable factor affecting image quality. These two factors may also influence image quality differently, depending on the type of image displayed. The primary objective of this thesis was to examine the display pitch and anti-aliasing design requirements for flat-panel systems across three classes of images: real-world scenes, alphanumeric characters, and oscilloscope traces.1 The study was designed to determine pixel pitches and methods of anti-aliasing that lead to perceived high image quality for each of the three classes of images. Six levels of display pitch and six methods of anti-aliasing were examined for each of the three image types. Extremely high quality, perceptually continuous images were compared to each of the experimental digitized stimuli. Subjects judged the similarity of each experimental image to the continuous image. Those stimuli with high similarity were assumed to be high in image quality.
1 Research was supported by and perfonned at Tektronix, Inc., Beavenon, Ore. 97077.
METI-IOD APPARATUS
A large number of display conditions were required for this psychophysical experiment. Since the cost to construct separate display panels for each condition was prohibitive, a high-quality display simulator was developed to simulate the various conditions. This simulator used an extremely high-fidelity CRT monitor (Tek.'tronix, 
STIMULUS C01\1DITIONS
The flat-panel conditions manipulated in the experiment included: 1) six leveis of anti-aliasing, 2) six levels of display pitch, and 3) three image types. The anti-aliasing factor consisted of two hardware and three software anti-aliasing techniques, plus a baseline condition. The hardware anti-aliasing conditions were: 1) serrated pixels oriented on the horizontal and vertical axes, and 2) pixels located on a 45 degree grid. The software anti-aliasing conditions manipulated were: 1) 2 grey-scale bits, 2) 3 grey-scale bits, and 3) 4 grey-scale bits. For the three software anti-aliasing conditions, an algorithm scheme similar to the one described by Kajiya and Ullner (1981) was incorporated in the system software. The baseline image conditions consisted of all six levels of pitch without antialiasing, and were referred to as the 'unprocessed' condition. This provided a basis of comparison between the results for the processed and unprocessed images.
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The factor of display pitch consisted of three pixel widths (5, 9, and 13 mils; 0.13, 0.23, and 0.33 mm, respectively), which were factorially combined with two edge-to-edge pixel separations (1 and 2 mils; 0.02 and 0.05 mm), producing a total of six unique pixel pitch conditions of 6, 7, 10, 11, 14, and 15 mils. Since previous flat-panel display research incorporated these same levels of pixel pitch, it is useful for comparison to use the equivalent pixel parameters.
Three types of images were used in the experiment: 1) a high-quality alphanumeric character ( Figure 5 ), 2) an oscilloscope trace (Figure 6) , and 3) a digitized pictorial image.
The displayed character was a capital 'H' and measured 0.375 in high x 0.313 in wide (9.38 mm x 7.83 mm). The oscilloscope trace spanned the width of the 1.2 in (30 mm) display area, and the real-world image, which was composed of a woman's portrait, filled the entire display screen. Each of the three images were crossed with the 36 (6 anti-aliasing x 6 pitches) display conditions, creating 108 unique stimuli. Figures 7 and 8 illustrate the anti-aliasing conditions of diamond pixels and no processing for the waveform image.
A black-and-white photograph was taken of the perceptually continuous image that was identical to each of the three types of experimental images. This photograph served as an anchor-point, or comparison standard, for observers when performing similarity judgments, and was located at the top of the CRT. The photograph was the same size as the displayed image. ,i:':U::li\.
..
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.. After signing an Informed Consent Form (see Appendix A), subjects were instructed ;: ·:: .
• to compare the digitized image with the photograph of the continuous image in terms of similarity and to respond by pressing one of the 10 specified keys. Following this response, the subject was prompted to begin the next trial.
Each subject viewed 36 unique stimuli, consisting of the factorial combination of six levels of anti-aliasing and six levels of display pitch for one image type. In addition, each of these 36 judgments were replicated three times, resulting in 108 trials per subject. A mixed-model experimental design was used in which the anti-aliasing and pixel pitch factors were within-subjects manipulations and the image type factor was a between-subjects manipulation. Presentation of the experimental conditions was in a unique random order for each subject.
SUBJECTS
Thiny individuals employed at Tektronix participated in the experiment. Each subject completed the experiment individually in one session, lasting about 45 min. Twenty practice trials were provided to acquaint each subject with the experimental procedure.
During the experimental sessions, the testing room was dimly lit with 12 fC (12 lumen/ft2) of diffuse illumination falling on the display faceplate. Subjects were seated 22 in (550 mm) from the screen, and wer~ asked to remain at this distance throughout the experimental session.
RESULTS
The three replications of similarity judgments were averaged, resulting in 36 observations per subject. The average similarity judgments were then subjected to an Analysis of Variance (ANOY A) procedure. The results of this analysis procedure are shown in Table 1 ( SAS, 1985) . The mean and standard deviation for each pitch x antialiasing method x image type condition are given in Appendices B -D.
The main effect of anti-aliasing (F (5, 135) = 57.86, p = 0.0001) was found to be statistically significant (Figure 9) . A post hoc Newman-Keuls test determined that similarity judgments for 4 bits of grey-scale were significantly different from 3 bits, and there was a significant difference between the serrated pixel condition and 2 bits of greyscale. No significant difference was found between the following four levels of antialiasing technique: 3 bits of grey-scale, diamond pixels, 'no processed', and the serrated pixels ( a = 0.05).
Pixel pitch (F (5, 135) = 198.08, p = 0.0001) was also found to be a significant main effect ( Figure 10 ). Statistically significant differences were found between the follov.ring pitches: 6 and 7 mils, 7 and 10 mils, 10 and 11 mils, as well as 11 and 14 mils. There was no significant difference between pixel pitches of 14 and 15 mils (post hoc NewmanKeuls test, a = 0.05).
It is important to note, however, that these two significant main effects of anti-aliasing and pixel pitch reflect data that were averaged across all three image types. This procedure may be untenable, since each image type cannot be considered equivalent both cognitively and perceptually. As expected, the three-factor interaction is statistically significant; therefore, it is informative to discuss the simple two-factor interactions between anti-aliasing and pixel pitch at each level of image type. Figures 11, 12 , and 13 present the three-factor interaction among image type, pixel pitch, and anti-aliasing factors. 6/i. ~/').. 1o , . . . . , . . , "' i.
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Anti-aliasing Technique Figure 11 . Effect of anti-aliasing and pixel pitch on similarity judgments for the waveform image. 17 comparisons were significant except the following pairs of pixel pitches: 6 and 7 mils, l 0 and 11 mils, and 14 and 15 mils. Therefore, it is evident that for an oscilloscope trace composed of either 2, 3, or 4 bits of grey-scale, a pixel pitch of 7 mils can be used to achieve high simila,'ity to a perceptually continuous image. Any pitch greater than 7 mils is perceived as significantly lower in image quality.
The same pattern of results as above were found for the two anti-aliasing techniques of serrated pixels and the 'no processed' pixels. All compaJisons were significant except for the following pixel pitches: 6 and 7 mils, 10 and 11 mils, and 14 and 15 mils. Again, this suggests that for either serrated or unprocessed pixels, a pitch of 7 mils demonstrates the highest performance.
Lastly, for the anti-aliasing level of diamond pixels, all comparisons showed statistically significant differences except for the following: 10 and 11 mils, and 14 and 15 mils of pixel pitch. This indicates that 6 mils of pitch is necessary for a waveform image that is composed of diamc;id pixels to appear the most similar to a continuous image.
Mean similarity judgments for the 'H' image across anti-aliasing and pixel pitch are shown in Figure 12 . This two-factor interaction is significant (F (25, 225) = 4.83, p = 0.0001) and Newman-Keuls tests (a= 0.01) were performed on each anti-alia_sing technique to determine significant differences between pixel pitch conditions. The results 18 for 2, 3, and 4 bits of grey-scale found significant differences between all pairs except for the following pitches: 10 and 11 mils, and 14 and 15 mils. Since 6 mils is viewed as significantly bener in image quality than all other pixel pitches, 6 mils of pixel pitch is required for these conditions of grey-scale to assure best performance.
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Fi2'ure 12. Effect of anti-aliasing and pixel pitch on similarity judgments for the 'H' image.
In terms of the anti-aliasing level of diamond pixels, all pixel pitch comparisons are statistically significant, with the exception of 14 and 15 mils. For the 'no processed' antialiasing level, all comparisons are significantly different except for the following pairs of pitch: 10 and 11 mils, 10 and 14 mils, and 14 and 15 mils. \Vhen the 'H' is composed of serrated pixels, all but two pixel pitches are significantly different, and there is no difference in similarity judgments between 10 and 11 mils, and 14 and 15 mils. Thus, for the 'H' image, a pixel pitch of 6 mils leads to the greatest similarity to the continuous image for all six anti-aliasing conditions. Figure 13 shows the mean similarity judgments for the third image type, the 'face', across anti-aliasing and pixel pitch. This two-factor interaction is also statistically significant (F (25, 225) = 7.55, p = 0.0001), and the Newman-Keuls test (a= 0.01) was performed to determine significant differences between pixel pitch levels for each antialiasing technique. For 2 bits of grey-scale, there is no significant difference between any two pixel pitches, indicating that a decrease in pitch from 15 mils does not improve performance.
For 3 grey-scale bits, all pixel pitch comparisons are significantly different except: 6 and 7, 7 and 10, 7 and 11, 10 and 11, 10 and 14, 10 and 15, and 14 and 15 mils. These results indicate that in terms of the real world images, a pixel pitch of either 6 or 7 mils appears to be similar in quality to a perceptually continuous image.
When the 'face' image is composed of 4 bits of grey-scale, all comparisons are significantly different except: 6 and 10 mils, 7 and 10 mils, 7 and 11 mils, 10 and 11 mils, and 14 and 15 mils. Although a pixel pitch of 6 mils leads to the highest similarity judgments, it is not significantly different from 10 mils of pitch, demonstrating that 6 and 10 mils of pitch exhibit the highest performance for similarity to a continuous image.
At the no processing level of anti-aliasing for the 'face', all pitches are significantly different except for the following pairs: 6 and 10 mils, 7 and 11 mils, 7 and 14 mils, 7 and 15 mils, and 11 and 14 mils. In other words, for the unprocessed 'face' image, either 6 or For 'face' images comprised of diamond pixels, all comparisons of pitch showed significant differences except: 6 and 10 mils, 7 and 14 mils, 7 and 15 mils, 7 and 11 mils, and 14 and 15 mils of pixel pitch. And, the following pairs of pixel pitch were found to be significant for the serrated pixel condition: 6 and 7 mils, 7 and 10 mils, 10 and 11 mils, and 14 and 15 mils. The performance difference bem•een the pixel pitch of 6 and 10 mils were not found to be significant. Hence, 6 and 10 mils of pixel pitch demonstrate the highest similarity judgments when the 'face' is composed of either one of the following anti-aliasing conditions: diamond, serrated, unprocessed, or 4 bits of grey-scale.
Unlike the other image types, the serrated, 'no processed', diamond pixels, as well as the 4 bits of grey-scale, demonstrated a noticeable reduction in performance from a pixel pitch of 6 to 7 mils, and from a pitch of 10 to 11 mils for the 'face' image. Recall that the 7 mil pitch consists of 5 mil wide pixels with a 2 mil separation, and pixels that are 9 mils wide with a 2 mil separation comprise an 11 mil pitch. Thus, it is evident that in terms of the 'face' image, the 2 mil pixel separation considerably reduced similarity judgments for all anti-aliasing conditions but the 2 and 3 bits of grey-scale.
DISCUSSION
The objective of this experiment was to detennine the effect of pixel pitch and antialiasing conditions upon similarity judgments for three classes of images. The main effects of anti-aliasing and pitch were significant, as were the two-factor interaction between these two factors. However, the pattern of the significant two-factor interaction between pitch and anti-aliasing varied across the three image types.
In general, at each level of anti-aliasing for the waveform and alphanumeric images, the perceived similarity to the continuous image decreased as pixel pitch increased in size.
Looking at the unprocessed condition for the oscilloscope trace and character images, the effect of increasing display pitch from six to 15 mils caused a four-fold reduction in similarity judgments, suggesting that small display pitches are necessary to achieve high image quality for any type of anti-aliasing among these two types of images. This linear pattern of results was not found for the 'face' image. Instead, performance for the 'no processed' condition demonstrated a two-fold decrease as pixel pitch increased from 6 to 15 mils. This implies that the effect of display pitch exerts greater influence on perceived quality when the image has high-contrast luminance, as the waveform and 'H', than for a complex image such as the 'face'. This contention is tenable since the 'face' image contained relatively low contrast and a noisy background as compared to uniformly bright areas comprising the other two images.
This different effect of anti-aliasing across the image types is a reflection of eliminating grey-scale information. That is, without anti-aliasing, the waveform and graphical character were binary images in that they contained 1 bit of grey-scale information.
However, when anti-aliased, the grey-scale information in these two images increased to as much as 4 bits. Conversely, tile aliased real-world image originally contained 8 bits of grey-scale, but the anti-aliasing reduced the information to as low as 2 grey-scale bits.
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Since the effects of ar.ti-aliasing and pitch were similar between the oscilloscope trace and graphical character, it is important to examine the attributes of these two image types to determine what is driving performance. In addition to possessing sharp, high-contrast edges, both images exhibited jagged contours. However, for the experimental conditions consisting of the larger pixel pitches, only the graphical character demonstrated a mosaic pattern (tesselations) consisting of light and dark areas inside the contours of the image.
Since the oscilloscope trace exhibited jaggies but not tesselations, and the alphanumeric character demonstrated jaggies and tesselations, it is concluded that the similar effect of anti-aliasing and pixel pitch upon similarity judgments for the 'H' and waveform images was caused by the jagged edges and not tesselations.
The fact that performance continued to increase for 2, 3, and 4 bits of grey-scale for the 'face' images without ever reaching the level of the unprocessed images suggests that 4 bits of grey-scale is not adequate for producing high quality real-world flat-panel images. This is in contrast to the data available in the literature which suggests that 4 bits of greyscale is sufficient for displayed images (Booth et al., 1987; Cushman, 1988; W amock, 1980) . This recommendation stems from the fact that only binary images were used in the research. The present experiment shows that for the 'H' and waveform image, 4 bits of grey-scale leads to the highest perceived image quality when compared to 2 and 3 greyscale bits. Conversely, for high-quality real-world images, these results indicate that all three levels of grey-scale leads to a decrement in image quality. These experimental results for the two binary images concur with previous research, but cannot be generalized to nonbinary images.
Based on previous research demonstrating that the human visual system is less sensitive to oblique lines as compared to grids oriented horizontally or vertically , it was hypothesized that performance would be increased and display pitch requirements reduced by eliminating the horizontal and venical grid structure with the use of serrated and diamond pixels. In general, however, the results demonstrate that similarity judgments for the unprocessed, diamond, and serrated pixel conditions are similar across the six levels of pixel pitch and three tY.PeS of images. Thus, pixel pitch requirements are as stringent for diamond and serrated pixels as for unprocessed pixels.
In terms of the waveform and 'H' images, 2, 3, and 4 bits of grey-scale lead to higher similarity judgments than do the diamond, serrated, and unprocessed pixels. In other words, for the two types of binary images, grey-scale anti-aliasing leads to higher perceived image quality as compared to the diamond, serrated, and unprocessed conditions. Conversely, for the real-world images, the diamond, serrated, and unprocessed pixels lead to higher similarity judgments than do the three levels of grey-scale anti-aliasing.
For the flat-panel display designer, these results point up the imponance of thoroughly specifying the application area in which the display will be utilized before specifying any design recommendations. This experiment provides empirical evidence that pitch requirements for flat-panels are used to display binary, high-contrast images will be more stringent than for pictorial displays. Hence, if a flat-panel is to be configured for use in an instrument where the majority of information will be waveforms or text, the pitch requirements will be about 6 mils, whereas for television images the pitch can be increased to as much as 10 mils. Additionally, grey-scale anti-aliasing is recommended for binary images, but pictorial displays require unprocessed, diamond, or serrated pixels to achieve high quality images.
